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• Population density
• The population of a 'large' city centre
• Travel time to that large city centre.
The main objective in constructing this new measure is to provide a globally consistent definition of settlement concentration in order to conduct cross-country comparative and aggregated analyses. As an accessible measure of economic density, the agglomeration index lends itself to the study of concepts such as agglomeration rents in urban areas, the 'thickness' of a market, and the travel distance to such a market with many workers and consumers. With anticipated advances in remote sensing technology and geo-coded data analysis tools, the agglomeration index can be further refined to address some of the caveats currently associated with it.
Introduction
One common challenge in analysing urbanization is the data. The United Nations (UN) compiles information on urbanization that is reported by various countries, and makes the data readily available. But one must understand the nature of the data provided. Cohen (2004) summarizes the issues stemming from the limitations in the UN data:
Although invaluable to those interested in studying urban change, the data in the UN report are somewhat deceptive in their apparent completeness and there is a great deal of misunderstanding and misreporting by nonspecialists about what these data mean and how they should be interpreted. … Most end-users cite the UN data as if it is absolute truth rather than treating them as simply indicative of general broad trends. There is a general underappreciation of the fact that the UN is forced to rely on member countries' existing definitions of what constitutes an urban or a rural area. Not only do these definitions differ widely by country, in many places the traditional urban/rural dichotomy is becoming increasingly inadequate (Cohen 2004: 24-5) .
For example, the share of India's population residing in urban areas in 1991 would be 39 per cent, rather than the official figure of 26 per cent, if 113 million inhabitants of 13,376 villages with populations of 5,000 or more were classified as urban. 1 The share would be even higher if the Swedish definition of urban (settlements with more than 200 inhabitants) were applied. In Mauritius in 2000, about one quarter of the population resided in settlements of between 5,000 and 20,000 inhabitants, some of which were district capitals but were not classified as urban. If they were reclassified, the urban percentage would have been more than two thirds, rather than the official 42.7 per cent. A country's definition also can change over time, adding yet another layer of confusion. In China, for example, the urban share in 1999 could have been 24 per cent, 31 per cent, or 73 per cent, depending on the official definition of urban population used. These examples should not be interpreted as asserting that one definition is correct and another incorrect. There is a problem, however, and it is one that is particularly critical when conducting a cross-country analysis.
Researchers in the field are aware of the issues inherent in the UN data. At the heart of the problem is how to measure urban concentration in a consistent and systematic way. Options found in the literature are the Hirschman-Herfindahl index of concentration (for example, Wheaton and Shishido 1981) , the Pareto parameter (for example, Rosen and Resnick 1980) , and primacy (for example, Ades and Glaeser 1995) . The availability of data (for example, the UN's World Urbanization Prospects), and its relation to Zipf's Law in the distribution and ranking of cities based on their population size, has prompted researchers to use primacy as a measure of urban concentration when the analysis calls for wide and long panel data, such as studying the relationship between urbanization and economic growth (for example, Henderson 2000 Henderson , 2003 . Note, however, that these three measures of concentration depend heavily on the definitions of a 'city' and an 'urban area'. Henderson (2005) points out several issues regarding systematic and consistent definitions of a city or metropolitan area, both across countries and over time. Satterthwaite (2007: 13-14) presents examples of how a metropolitan area can be assigned markedly different population sizes depending on how the area is defined. The population of Mexico City, for example, ranges from 1.7 million for the 'central city' to 19.4 million for the 'megalopolis of central Mexico'. Data on national urban populations are also necessary for primacy calculation, which has issues outlined in Cohen (2004) . This paper proposes an alternative to the UN measure of urban concentration that we call 'the agglomeration index (AI)'. It is based on three factors: population density, the size of the population in a 'large' urban centre, and travel time to that urban centre. Each factor used in the index is based on the conceptual framework of agglomeration economies. The index does not define what is urban per se; it does not incorporate urban characteristics such as political status and the presence of particular services or activities. Instead, the index creates a global definition of settlement concentration that could be used to conduct cross-country comparative analyses. The accessibility of this measure of economic density lends itself easily to the study of concepts such as agglomeration rents in urban areas, the 'thickness' of a market, and the travel distance to such a market with many workers and consumers.
This new measure of agglomeration does not suggest that the UN's data are flawed. The matter is analogous to measurements of global poverty and comparisons of poverty levels across countries. Each country has its own definition based on legitimate factors, but the varying definitions among countries make cross-country analysis and aggregation almost impossible. A uniform definition -such as the $1 or $2 a day index -makes such analysis possible. The agglomeration index is aimed at serving as such a systematic and unified measure of settlement concentration.
There are a few caveats inherent to the agglomeration index. It suffers from limited availability of data in the same way as UN data. In addition, there are some issues regarding the key assumptions associated with travel time, discussed later in this paper. Finally, but perhaps most importantly, a critical constraint is that currently the index is available for only one year (2000) .
Concepts behind the agglomeration index
The proposed agglomeration index does not focus on the conceptual definition of 'urban'; rather, it focuses on the economic significance of urban areas. Residents, workers, and firms typically agglomerate in urban areas, which gives rise to the notion of agglomeration economies. Clearly, people and firms agglomerate because there are benefits from so doing. The literature cites several sources of agglomeration rent, such as the existence of 'thick' markets (both consumer and labour markets), ease of access to these markets, and the resulting, so-called forward and backward linkages associated with large local markets (Marshall 1961; Baldwin et al. 2003) . We argue that the key indicators of the sources of agglomeration economies and rent can be summarized in the following three indicators: population size, population density, and travel time. More specifically, population size refers to the population of large cities that can be regarded as the focal points of an urban area, and travel time is to the nearest large city.
Consider a location outside the centre of a large city. For that location to take part in agglomeration economies, it must, generally speaking, have both a relatively high population density, which is a proxy for market thickness, and be reasonably near the large city centre, a proxy for market access and lower transportation costs. For example, even with a high population density, a small, isolated community such as a mining town is not likely to generate agglomeration economies. As depicted in Figure 1 , locations that satisfy all three indicators are included in calculating the agglomeration index.
The urban area can thus be identified and delineated by the combination of the three indicators. This is a significant step forward, because measures of concentrations of settlement no longer depend on country-specific, and sometimes ad hoc, definitions of a city, an administrative boundary, or an urban area. Rather than treating urban and rural areas as dichotomous and discreet entities, we view the spatial transition as a gradient, a conceptual framework put forth by Chomitz et al. (2005) . The gradient framework is illustrated in Figure 2 . Assuming that density is highest at the centre of a large city, and that it gradually decreases as one moves away from the centre, in calculating the agglomeration index we defined some maximum travel time to the city centre as the cut-off point of an urban area (provided that the density criterion is met). Depending on the population density distribution, the density at the boundary varies; this is illustrated in the top panel of Figure 2 by two distributions, one being a mean-preserving spread of the other.
The difference in spatial distributions of population density raises another important point: Why are they different? It is easy to imagine that a region with poor transportation infrastructure will result in a distribution that is concentrated near the centre. A flatter distribution of population density might imply a better transportation AI infrastructure; accessibility over five miles of poor transportation infrastructure could be equivalent to ten miles over a good infrastructure system. In our agglomeration index, we used road networks as a proxy for transportation infrastructure. We assigned each road network to one of three categories of quality -low, medium, and high -and assigned a realistic travelling speed to each category. As a result, a physical distance identified by 60 minutes of travel time is further from the city centre along a paved road than along a dirt road. The bottom panel of Figure 2 presents the case in which concentric circle-like figures depict travel-time contours or isochrones. Note that further locations along the high-quality road are included in the urban area. For areas without roads, we assumed the mode of transportation is either by rail, via navigable rivers, on foot or by riding on an animal and, in calculating the foot or animal based travel time, incorporated information on land cover (such as forest, grassland, or barren) and the slope of land.
Data, and how the agglomeration index is calculated
The procedure to calculate the agglomeration index can be summarized as follows:
(1) Specify a threshold value for each of the three criteria: minimum population density, maximum travel time, and the minimum population size that defines large cities;
(2) Locate the centre of defined large cities from the GRUMP human settlements database;
(3) Determine the border surrounding that large city centre, based on the maximum travel time. This boundary is computed from a cost-distance model that estimates travel time to the city centre over a cost surface. This surface has a spatial resolution of approximately one kilometre and is derived from GIS data on:
(i) The transport network;
(ii) Off-road surfaces, derived from land cover data;
(iii) The slope and estimates of the average travel speeds for each permutation of these data (see Table 3A .1 in the Appendix); (4) Determine the population and population density at one kilometre resolution within this border. This is derived by averaging two GIS datasets on population for the year 2000: GRUMP and LandScan; 2 (5) Sum the population in all the grid cells that satisfy all three thresholds. The result is analogous to urban population. The proportion of this number to that country's total population is the agglomeration index. A country's census data form the foundation of the agglomeration index. The GRUMP population estimates are based on population data at the smallest available scale in the national census (state, province, county or district), combined with data from web sources, or from specific individual databases when official statistical databases were not available. GRUMP does not model population distribution within these administrative units. Conversely, the LandScan population estimates are based on Medium quality roads population estimates for larger units, but the population within each unit is redistributed across the unit's grid cells based on likelihood coefficients, which are derived from other spatial data such as distance to roads, slope, and land cover. There are strengths and weaknesses in both of these population models. Generally LandScan tends to overestimate the population in urban areas and underestimate them in rural areas; the converse is the tendency for GRUMP. We therefore used both and took the computed population per one kilometre pixel as an average of both sources.
Travel time to large cities is based on estimates of the time required to travel one kilometre over the transport network as well as off-road surfaces. We constructed a cost surface from the data sources listed in Table 3A .1 and applied the estimated travel speeds to each permutation of surfaces (for example, major road on a moderate slope).3 The cost surface contains the time in minutes to cross each one kilometre cell. The cost surface and the location of the city centres are input to the cost-distance model in order to determine the travel time to each city centre. This cost surface is available for download. 4
Results

Comparison with the UN data
In order to make a comparison with the UN's urbanization rates, the agglomeration index is calculated based on a minimum density of 150 people per square kilometre, a maximum of 60 minutes for travel time, and a minimum population of 50,000 as the definition of a large city. Each country's agglomeration index and UN urban population share are given in Table 3A .2 in the Appendix. Here, we present the results by worldregions as defined by the World Bank: sub-Saharan Africa (SSA), Middle East and North Africa (MENA), South Asia (SAS), East Asia and the Pacific (EAP), Europe and Central Asia (ECA), and Latin America and the Caribbean (LAC). OECD and non-OECD high-income countries (other high-income economies, OHIE) are excluded from regional groups.
The results of the two calculations are qualitatively consistent, given the issues associated with the UN's data. For example, the agglomeration index for SAS is much higher than the UN result (50.4 per cent as opposed to 27.2 per cent). This suggests that the notion of South Asia as being densely populated but having a low urban population share might not be as paradoxical as it sounds. A similar pattern, where the agglomeration index is higher than the UN figure, is observed for the EAP and MENA regions. The converse is true, however, for regions such as LAC and SSA. The LAC region is of particular interest as this region has often been cited as being the most urbanized among the developing countries. According to the UN figure, urban areas accounted for 75.4 per cent of the region's population in 2000; the agglomeration index puts the urban share at 62.4 per cent. Thus, the LAC region is probably still heavily urbanized but not as much as commonly thought. 
Sensitivity of the results to thresholds
The danger of using the agglomeration index to infer the state of urbanization in the world rather than a more conventional urban share is that the results can be manipulated to fit any conclusion by changing the threshold/criteria combination. It is very important, therefore, to have good justification for the combination chosen and to interpret the results as conditional on that choice. This cautionary note raises an interesting question: How sensitive is the agglomeration index to different combinations of thresholds?
We considered three levels of threshold for each of the three indicators and calculated an agglomeration index for every combination. Those levels are:
• Population density: 150, 300, and 500 people per square kilometre;
• Travel time: 30, 60, and 90 minutes;
• Large city's population: 50,000; 100,000, and 500,000.
The base combination is 150/km 2 minimum for density, 60 minutes maximum travel time, and 50,000 minimum population in order to qualify as a large city. The minimum density is what the OECD used for its statistics (Chomitz et al. 2005) and is equivalent to placing each person approximately 81.6 metres apart. We viewed this threshold as somewhat sparse, especially for certain parts of the world, which led us to try thresholds of 300 and 500 people per square kilometre. For the large city's population size, inclusion of a minimum population of 20,000 was suggested. However, it became apparent that the GRUMP settlement data do not have sufficient coverage at this low population level in many countries. Thus, we did not use this threshold level.
There are 27 different combinations in total; however, we present only combinations in which a single factor was increased or decreased from the base case and attempt to deduce trends. Figure 4(a) shows the results of changing the population density threshold while holding the other two criteria constant at 60 minutes (travel time) and 50,000 (population size). As expected, with a more stringent threshold the agglomeration index falls, though the magnitude is small. This implies, remarkably, that the results are fairly robust against the changes in population density threshold.
Figure 4(b) shows how the indexes alter as the travel time threshold is changed while holding the other two indicators constant at base-case levels. Unlike the case of the population density, changes in travel time result in large changes in the agglomeration index. The difference is particularly significant in the SAS and EAP regions; with a moderate increase in the threshold (from 60 to 90 minutes), the agglomeration index for the SAS region jumps to 60.8 per cent, more than double the UN figure. The results suggest that the choice of the travel time threshold can easily affect the conclusions about a country's urbanization state.
Figure 4(c) shows the effect when the minimum population size for large cities is changed. This case also generates a substantial change in the values of agglomeration indexes across the board. The drop in the index is particularly steep when the minimum population is increased from 100,000 to 500,000. The figure suggests that a threshold of 500,000 might not be suitable for many regions because it is too restrictive, which drives the agglomeration indexes too low -both in absolute terms and relative to the UN figures.
One last note regarding the choice of combinations of thresholds concerns feasibility. The current method estimates travel time from the centre of the nearest large city. However, large cities vary in the degree to which they are dispersed geographically. So, while 30 minutes away from a densely populated city of 50,000 could genuinely be outside of that city's boundary (however defined), this is less likely for a city of 500,000. The bottom line is that threshold combinations -such as a city having a minimum population of 500,000 and a travel time of 30 minutes or less -might simply be implausible. Source: AI is calculated by the authors. UN data are compiled by the authors using data from UN (2006).
Discussions: strength, caveats, and promise
Provided that the conceptual framework and the variables used to calculate the agglomeration index are plausible, the main advantage of this measure is the consistent measurement across the countries that enables direct comparisons between them. The main strength is that the index is not influenced by country-specific definitions of what is urban. While it is not isolated from ad hoc definitions of city boundaries, since it uses city population as a criterion by which to define and locate large cities, the impact is much less severe. Unlike the primacy measure, the agglomeration index uses this information in its calculation, but only to identify the point at which the travel time is measured. As such, the accuracy of population counts is far less critical in the index than in the primacy measure used by Henderson (2003) and others.
The agglomeration index is designed solely to quantify the degree of settlement concentration. Nonetheless, it can make a significant contribution to the debate regarding urbanization. For example, over-concentration of settlement (or urbanization) is at the heart of discussions about issues such as the environmental footprint of a city, congestion problems, and provision of public service infrastructures in densely packed areas. However, the urbanization issues could be much less severe if, instead of a few large cities growing ever bigger, there are many small cities sprouting in what was a sparsely populated area. Since both types of cities will be defined as urban, urbanization data alone cannot effectively differentiate the two situations. In the agglomeration index, population density captures the concentration, and the population size of the nearest largest city distinguishes between the large cities increasing in size from the many small cities that are emerging. The impacts of concentrated settlements will be greater if the population distribution is skewed toward a single point, such as the city centre. This characteristic is captured by travel time. With a globally uniform definition, the agglomeration index might lay to rest some myths about urbanization in various regions of the world.
There are several notable caveats associated with the current version of the agglomeration index. The first is the availability of data related to information for population derived from censuses and road networks, which is the most important factor in constructing the cost surface; this is also the reason why the index is available for only one year. Fortunately, in terms of spatial resolution, census availability, and subnational growth estimates, the improvements in available population data over the last 10 to 15 years have been immense. This trend is continuing, especially in developing countries. The problems associated with data on road networks are multi-layered. First, the information generally is old. We used data from VMAP0 (also known as the Digital Chart of the World, or DCW), which includes some very old road data. 5 Second, we would like to see more detailed information about the quality of roads. Our current version of the index used three levels of quality; it could, however, be refined with more comprehensive data. Again, fortunately, this issue is being addressed on several fronts. 6
On the conceptual front, the burning issue is how many people actually travel the roads -in other words, how many people in developing countries drive? We have witnessed newly built, multiple-lane highways in developing countries that are effectively empty because few people own cars. Thus, the existence of a road does not necessarily translate into people living on the outskirts of a city having easy access to the centre. Converse to this issue is how to capture the effect of congestion on roads, and also to incorporate the situation in which the majority of travel is by means of public transportation. Large cities in developed countries (Tokyo and London, for example) have well-developed mass transit system that many commuters and residents use, and these systems could spread quickly to cities in developing countries -especially in light of global warming and climate change. Thus, some measures of accessibility other than roads need to be developed.
Despite these caveats, developments on the horizon -including more extensive remote sensing technologies, and techniques for using and interpreting the resulting datapromise to resolve many of the limitations. With an ever-increasing number of accessible satellite images of high resolution, updating of road network data is within reach. Contiguous areas also can be determined directly using satellite images. Of course, manually determining these characteristics from the images will likely consume a large amount of manpower, which could limit the affordability of such endeavour. As a result, population models such as the GRUMP and LandScan are still needed. However, satellite images and other remote sensing technologies can reduce the reliance on census data for calculating the index. Foot/animal based travel for off road and paths www-gem.jrc.it/glc2000/defaultglc2000.htm Travel time is estimated based on the combination of several GIS data layers that are merged into a cost surface layer that represents the time required to cross each pixel. The higher the cost of a pixel, the more time required to cross it. The friction layer is composed from the following global GIS data layers. Note: For agglomeration index, column (a) uses largest city size threshold of 50,000 or more, and column (b) uses the threshold of 100,000 or more. Source: Authors' calculation (for agglomeration index); UN (2006) .
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